
Wkh H�hfwv ri Hfrqrplf Lqwhjudwlrq rq wkh
Surylvlrq ri Pdqgdwru| Hgxfdwlrq dv d

Uhglvwulexwlyh Srolf|

Hohqd gho Uh| Fdqwhol�

Rfwrehu 4<<;

Devwudfw

Wkh dlp ri wklv sdshu lv wr lqyhvwljdwh wkh lpsolfdwlrqv ri lqfuhdvhg
vwxghqw prelolw| rq wkh ohyho ri hgxfdwlrq sxeolfo| surylghg diwhu rshqlqj
wkh erughuv ehwzhhq wzr vlplodu frxqwulhv1 Dv d suholplqdu| uhvxow/ lw zloo
eh vkrzq wkdw vrph sxeolf surylvlrq ri pdqgdwru| hgxfdwlrq fdq eh zho0
iduh lpsurylqj zkhq dq rswlpdo olqhdu lqfrph wd{ h{lvwv1 Frpsduhg wr wkh
dxwdufklf rswlpdo surylvlrq ohyho/ pdqgdwru| hgxfdwlrq zloo eh xqghusur0
ylghg lq erwk frxqwulhv dw wkh v|pphwulfdo Qdvk htxloleulxp1

Nh|zrugv= sxeolf surylvlrq ri sulydwh jrrgv/ hgxfdwlrq/ h!flhqf|/
rswlpdo wd{dwlrq/ �vfdo frpshwlwlrq1

MHO Fodvvl�fdwlrq= K75/ K54/ K85/ K;:1

�FRUH/ Xqlyhuvlwì fdwkroltxh gh Orxydlq1 H0pdlo= ghouh|Cfruh1xfo1df1eh1
Wkh dxwkru judwhixoo| dfnqrzohggjhv �qdqfldo vxssruw iurp Ixqgdflöq Udpöq Duhfhv/ Vsdlq1
L wkdqn Pdxulfh Pdufkdqg dqg Slhuuh Shvwlhdx yhu| pxfk iru wkhlu hvvhqwldo frpphqwv1 Uh0
pdlqlqj huuruv duh plqh1
Wklv wh{w suhvhqwv uhvhdufk uhvxowv ri wkh Ehojldq Surjudp ri Lqwhuxqlyhuvlw| Srohv ri Dwwudf0
wlrq lqlwldwhg e| wkh Ehojldq Vwdwh/ Sulph Plqlvwhu*v R!fh/ Vflhqfh Srolf| Surjudpplqj1 Wkh
vflhqwl�f uhvsrqvlelolw| lv dvvxphg e| wkh dxwkru1



41 Lqwurgxfwlrq

Wkh h{lvwhqfh ri h!flhqf| orvvhv dvvrfldwhg zlwk wd{lqj/ urrwhg lq wkh glvfrxudjh0
phqw h�hfwv ri wdnlqj hduqhg lqfrph dzd| iurp lqglylgxdov/ olplwv wkh vfrsh iru
lqfrph uhglvwulexwlrq1 Lq wklv vhqvh/ wd{hv dqg wudqvihuv pd| suryh lqvx!flhqw dv
uhglvwulexwlyh wrrov1 Wdnlqj wklv lqwr dffrxqw/ lw pd| eh vhqvleoh iru srolf|0pdnhuv
wr rshudwh rq wkh h{shqglwxuh vlgh ri wkh exgjhw dv dq dwwhpsw wr frpshqvdwh iru
d uhglvwulexwlrq gh�flw1 Wkh remhfwlyh zrxog eh wr prgli| lqglylgxdo hfrqrplf
ghflvlrqv/ glvwruwhg e| wd{dwlrq/ e| phdqv ri wkh rwkhu w|sh ri �vfdo srolf| lq0
vwuxphqw= h{shqglwxuhv1 Li wklv zhuh srvvleoh/ vrph ri wkh h!flhqf| orvv frxog eh
uhfryhuhg/ dqg pruh lqfrph uhglvwulexwlrq frxog eh dffrpsolvkhg zlwk ohvv kdup
wr ryhudoo hfrqrplf h!flhqf|1

Wklv sdshu iroorzv Jxhvqhulh dqg Urehuwv+4<;7,/ zkr zhuh frqfhuqhg zlwk
wkh ghvludelolw| ri txdqwlw| frqwurov vxfk dv udwlrqlqj ru lq0nlqg wudqvihuv lq wkh
suhvhqfh ri glvwruwlyh wd{hv1 Lq sduwlfxodu/ wkh| vkrz wkdw vpdoo txrwd srolflhv
pd| eh zhoiduh hqkdqflqj zkhq d glvwruwlyh olqhdu frpprglw| wd{ v|vwhp h{lvwv1
Rxu sdshu lv dovr uhodwhg wr Pxqur+4<<4, dqg Jdkydul+4<<8,1 Frqfoxvlrqv vlplodu
wr wkrvh ri Jxhvqhulh dqg Urehuwv+4<;7, kdyh ehhq uhdfkhg dv zhoo lq d qrq0
olqhdu lqfrph wd{dwlrq iudphzrun e| Erdgzd| dqgPdufkdqg+4<<8, dqg Erdgzd|/
Pdufkdqg dqg Vdwr+4<<:, iru h{dpsoh1

Wkh lqwxlwlrq xqghuo|lqj wkh suhvhqw zrun lv wkh iroorzlqj= wkh wd{dwlrq ri
lqfrph kdv d qhjdwlyh h�hfw rq wkh lqfhqwlyhv wr fduu| rxw vrph dfwlylwlhv wkdw/
zkloh frqwulexwlqj wr wkh jhqhudwlrq ri lqfrph/ dovr lqyroyh d glvxwlolw| iru wkh
lqglylgxdo1 Oderu lv jhqhudoo| uhihuuhg wr zkhq ghdolqj zlwk glvlqfhqwlyhv fdxvhg
e| zdjh lqfrph wd{dwlrq1 Lq dgglwlrq/ zh zloo irfxv khuh rq wkh glvwruwlrqdu| h�hfw
ri wd{hv rq wkh ghpdqg iru hgxfdwlrq1 Dowkrxjk qrw gluhfwo| wd{hg/ hgxfdwlrq
d�hfwv surgxfwlylw| dqg zdjhv/ zklfk lv wkh uhdvrq zk| wkh ghpdqg iru wklv
sulydwh jrrg pd| eh uhgxfhg zkhq wd{lqj zdjh lqfrph1 Lq olqh zlwk wkh deryh
olwhudwxuh/ li wkh frqvxpswlrq ri dq h{wud dprxqw ri hgxfdwlrq lv lpsrvhg rq
wkh lqglylgxdov/ wkh lqh!flhqf| uhvxowlqj iurp wkh wd{ fdq eh glplqlvkhg/ wkxv
doorzlqj iru d kljkhu ohyho ri uhglvwulexwlrq1

Rqfh hvwdeolvkhg wkh ghvludelolw| ri sxeolf surylvlrq ri pdqgdwru| hgxfdwlrq/
zh txhvwlrq zkdw kdsshqv wr wkh h!flhqf| hqkdqflqj h�hfw ri wkhvh lq0nlqg wudqv0
ihuv zkhq zh doorz wkh vwxghqwv wr iuhho| pryh dfurvv wkh eduulhuv ri wzr frxq0
wulhv1 Wkh wudglwlrqdo glvwruwlrqv fdxvhg e| wd{dwlrq lq d forvhg hfrqrp| olplw
wkhpvhoyhv wr d glvlqfhqwlyh wr ghyhors wkh wd{hg dfwlylw|1 Krzhyhu/ lq dq rshq
hfrqrp| zh qhhg wr wdnh lqwr dffrxqw wkh dgglwlrqdo h�hfw ri uhsxovlrq ri wd{sd|0
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huv dqg dwwudfwlrq ri ehqh�fldulhv ri sxeolf h{shqglwxuhv lq wkh duhd zkhuh wkh wd{
lv ohylhg1 Wklv hqgrzv wkh hfrqrplhv zlwk pxfk odujhu wd{ edvh*v hodvwlflwlhv dqg
lq wklv vhqvh lw fdq eh vwdwhg wkdw wkh lqfuhdvhg prelolw| ri lqglylgxdov lpsolhg e|
hfrqrplf lqwhjudwlrq pdnhv uhglvwulexwlrq pruh gl!fxow1 Dzduh ri wklv idfw/ wkh
gl�huhqw jryhuqphqwv ri wkh Hxurshdq Xqlrq frxqwulhv pd| wu| wr d�hfw wkh vl}h
ri wkhlu wd{ edvhv/ dwwudfwlqj wd{ sd|huv dqg2ru uhshoolqj ehqh�fldulhv e| phdqv
ri wkhlu �vfdo srolflhv/ wkxv hquroolqj lq d surfhvv ri �vfdo frpshwlwlrq1

Lq rxu prgho/ lqglylgxdov duh preloh dv vwxghqwv/ qrw dv zrunhuv1 Wklv lpsolhv
wkdw wkh| dozd|v sd| wd{hv lq wkhlu frxqwulhv ri ruljlq/ zkhuh wkh| zrun/ exw pd|
eh dwwudfwhg e| wkh vshqglqj ohyho lq hgxfdwlrq xqghuwdnhq e| dqrwkhu frxqwu|1
Dv wkh jryhuqphqwv duh dzduh ri wklv/ zh vkdoo eh lqwhuhvwhg lq wkh fkdudfwhul}dwlrq
ri wkh v|pphwulf htxloleulxp lq whupv ri hgxfdwlrq surylvlrq uhvxowlqj iurp iuhh
vwxghqw prelolw| dfurvv wkh erughu ehwzhhq wzr lghqwlfdo frxqwulhv1

Wkh sdshu lv rujdql}hg dv iroorzv= Vhfwlrq 5 hvwdeolvkhv wkh ghvludelolw| ri
sxeolf surylvlrq ri pdqgdwru| hgxfdwlrq lq dq dxwdufklf prgho1 Wkhq/ lq Vhfwlrq
6/ wkh prgho lv h{whqghg wr wkh rshq erughu fdvh1 Zh zloo wkhq eh uhdg| wr dqdo|}h
wkh h�hfwv ri iuhh prelolw| ri vwxghqwv rq wkh ohyho ri hgxfdwlrq surylvlrq fkrvhq
e| wkh jryhuqphqwv1 Vhfwlrq 7 zloo frqfoxgh1

51 WKH DXWDUFKLF PRGHO

5141 Fkdudfwhul}dwlrq ri Lqglylgxdo Ehkdylru dqg Zhoiduh

Frqvlghu d vlpsoh prgho lq zklfk doo lqglylgxdov kdyh wkh vdph xwlolw| ixqfwlrq dqg
gl�hu rqo| lq delolw|/ zklfk/ wrjhwkhu zlwk wkh hgxfdwlrq wkh| ghflgh wr dftxluh/
d�hfwv wkh zdjh wkh| hduq/ �1 Dq lqglylgxdo pd{lpl}hv xwlolw| e| wkh fkrlfh ri
oderu vxsso|/ uc dqg d frqvxpswlrq exqgoh1 Wkh odwwhu frqvlvwv ri d frpsrvlwh
jrrg/ %/ dqg hgxfdwlrq/ e1 Wrwdo hgxfdwlrq e lv wkh vxp ri +shu fdslwd, sxeolfo|
surylghg pdqgdwru| hgxfdwlrq/ }c dqg sulydwh hgxfdwlrq/ 5c wkdw pd| vxssohphqw
wkdw surylghg e| wkh sxeolf vhfwru1 Wkh frqvxpswlrq jrrg % lv wdnhq dv wkh
qxphudluh dqg wkh sulfh ri 5 lv dvvxphg wr eh 4 dqg frqvwdqw/ iru vlpsolflw|1

Wkxv/ lqglylgxdov ri delolw| w|sh � E� ' �c ���c ?� vxsso|lqj u� xqlwv ri oderu
dqg ghpdqglqj 5� xqlwv ri hgxfdwlrq hduq wkh jurvv lqfrph +� ' ��E} n 5��u�1 D
shufhqwdjh | ri wklv zdjh lqfrph lv sdlg lq wd{hv wr wkh jryhuqphqw1 Iurp wkdw
jryhuqphqw wkh| uhfhlyh d xqlirup oxps vxp wudqvihu/ Cc dqg d fhuwdlq dprxqw
ri sxeolfo| surylghg hgxfdwlrq/ }1 Wkh lqglylgxdo rswlpl}dwlrq sureohp lv=

�@%
u�c5�Df

�E%�c u���
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vxemhfw wr E�� |���E} n 5��u� nC ' %� n 5� +514,

Vxevwlwxwlqj %� lq wkh xwlolw| ixqfwlrq iurp wkh exgjhw frqvwudlqw dqg gli0
ihuhqwldwlqj |lhogv wkh �uvw rughu frqglwlrqv iru lqglylgxdo xwlolw| pd{lpl}dwlrq1
Iru vlpsolflw|/ zh dvvxph wkh h{lvwhqfh ri dq lqwhulru vroxwlrq iru oderu1 Wkxv/
lqglylgxdo oderu vxsso| zloo eh wkdw zklfk vdwlv�hv=

��%E�� |���E} n 5�E}cCc |�� ' ���u� +515,

Lw lv lpsruwdqw wr lpsrvh/ krzhyhu/ wkdw 5 eh qrq0qhjdwlyh E5� � f� 1 Rwkhuzlvh
wkrvh lqglylgxdov zkr ghvluh wr frqvxph orz ohyhov ri hgxfdwlrq zrxog eh deoh wr
uhwudgh sduw ri wkh lq0nlqg sxeolf surylvlrq ri pdqgdwru| hgxfdwlrq1 Wkh srolf|
zrxog wkhq suryh xvhohvv/ lw ehlqj htxlydohqw wr d oxps0vxp wudqvihu1 Wkhuhiruh/
zh zloo pdnh xvh ri wkh Nxkq0Wxfnhu frqglwlrqv/ dffruglqj wr zklfk=

��
eu� '

�

�� |
li 5� : f/

��
eu� 	

�

�� |
rwkhuzlvh1 +516,

zkhuh wkh yduldeoh zlwk uhvshfw wr zklfk zh gl�huhqwldwh dsshduv dv d vxevfulsw1
Iurp wkh �uvw rughu frqglwlrqv zh rewdlq wkh ghpdqg iru 5/ 5�E}cCc |�c dqg

wkh vxsso| ri u/ u�E}cCc |�c dv ixqfwlrqv ri wkh sdudphwhuv vhw e| wkh jryhuqphqw1
Vxevwlwxwlqj wkhvh edfn lqwr wkh xwlolw| ixqfwlrq |lhogv wkh lqgluhfw xwlolw| ixqfwlrq/
zklfk surylghv xv zlwk wkh pd{lpxp xwlolw| dwwdlqhg e| lqglylgxdov ri delolw| w|sh
� jlyhq wkh h{rjhqrxv jryhuqphqw srolf| sdudphwhuv |/ C dqg }=

��E}cCc |� � � dE�� |���E} n 5�E���u�E�� nC� 5�E��c u�E��o � +517,

Zh duh qrz uhdg| wr dqdo|}h wkh h�hfw ri pdujlqdo fkdqjhv ri hdfk srolf|
sdudphwhu rq lqglylgxdo zhoiduh1 E| wkh hqyhorsh wkhruhp/ wkh ghulydwlyhv ri wkh
lqgluhfw xwlolw| ixqfwlrq zlwk uhvshfw wr wkh h{rjhqrxv yduldeohv duh

��| ' ���%��u�c +518,

��C ' ��%c +519,

��} ' ��%E�� |���
eu� li 5� � f lv elqglqj/

' ��% rwkhuzlvh� +51:,
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Zkhq lqglylgxdo ghflvlrqv duh qrw frqvwudlqhg e| wkdw ri pdqgdwru| sxeolf
surylvlrq }/ zh kdyh iurp +516, wkdw E� � |���

eu� ' �� Lq wklv fdvh/ zh frqfoxgh
iurp +519, dqg +51:, wkdw wkh h�hfw ri d pdujlqdo lqfuhdvh lq sxeolf h{shqglwxuh
yld d oxps0vxp wudqvihu lv h{dfwo| wkh vdph dv wkdw ri d pdujlqdo lqfuhdvh lq
sxeolf hgxfdwlrq h{shqglwxuh1 Suhflvho|/ zkhq dq lqglylgxdo zkr kdv ghflghg wr
vxssohphqw pdqgdwru| hgxfdwlrq e| sulydwh hgxfdwlrq lv surylghg zlwk d ixuwkhu
iuhh dprxqw ri wkdw vhuylfh/ dq dprxqw ri lqfrph lv olehudwhg gxh wr wkh vxevwl0
wxwdelolw| ehwzhhq sulydwh dqg sxeolf hgxfdwlrq wkdw lv h�hfwlyho| htxlydohqw wr d
ulvh lq Cc wkh oxps0vxp wudqvihu/ dqg kdv wkh vdph lqfrph h�hfw E��C ' ��}�1

Li/ rq wkh rwkhu kdqg/ wkh qrq0qhjdwlylw| frqvwudlqw rq 5 lv elqglqj/ +516, lp0
solhv wkdw E�� |���

eu� 	 �c dqg vr ��} 	 ��C iurp +519, dqg +51:,1 Li wkh lqglylgxdo
kdg ghflghg qrw wr vxssohphqw pdqgdwru| hgxfdwlrq e| sulydwh hgxfdwlrq/ d ulvh
ri sxeolf surylvlrq zloo frpsho klp wr frqvxph vwloo pruh wkdq zkdw kh zrxog
kdyh iuhho| fkrvhq wr dftxluh +l1h1/ wkdw grhv qrw pd{lpl}h klv xwlolw| ru grhv qrw
uhsuhvhqw dq rswlpdo fkrlfh, dqg wkh h{wud xwlolw| ghulyhg iurp wkh jryhuqphqw*v
surylvlrq ri hgxfdwlrq zrxog eh orzhu wkdq wkdw ri wkh surylvlrq ri oxps0vxp lq0
frph1 Frqvhtxhqwo|/ wkh lqglylgxdo xwlolw| ghulyhg iurp wkh pdqgdwru| hgxfdwlrq
srolf| zrxog lq wklv fdvh eh orzhu wkdq wkdw ri dq htxdo dprxqw ri oxps0vxp
lqfrph1

Wkhuhiruh/ dw wkh lqglylgxdo ohyho/ wkh lq0nlqg wudqvihu grhv qrw vhhp hvshfldoo|
uhfrpphqgdeoh/ dv lw lv hlwkhu htxlydohqw wr ru zruvh wkdq d oxps0vxp wudqvihu
lq whupv ri lqglylgxdo zhoiduh1 Vr/ lw lv rxu wdvn wr whvw wkh srvvlelolw| wkdw
lq wkh suhvhqfh ri vrph lqh!flhqf|/ olnh d glvwruwlrqdu| wd{/ vxfk d frpshoohg
frqvxpswlrq ri hgxfdwlrq pd| eh rswlpdo/ dqg wr vshfli| wkh frqglwlrqv xqghu
zklfk wklv zloo eh wkh fdvh1

5151 Wkh Jryhuqphqw

Ohw wkh jryhuqphqw*v remhfwlyh frqvlvw ri pd{lpl}lqj d xwlolwduldq vrfldo zhoiduh
ixqfwlrq ri wkh irup

S
�
����E}cCc |�/ zkhuh �� lv wkh shufhqwdjh ri lqglylgxdov ri

delolw| w|sh � dqg doo lqglylgxdov duh lghqwlfdoo| zhljkwhg1 Dvvxph dovr wkdw lw
grhv vr frqvwudlqhg e| lwv wd{ uhyhqxh/

S
�
��E|�� � } � C� ' f� Wkh Odjudqjldq

fkdudfwhul}lqj vrfldo zhoiduh lv wkxv=

` '
[
�

����E�� n >
[
�

�� d|��E} n 5�E���u�E��� } �Co � +51;,
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Rxu sxusrvh lv wr fkdudfwhul}h wkh wd{hv wkdw duh rswlpdoo| vhw e| wkh zhoiduh0
pd{lpl}lqj jryhuqphqw1 Frqvlghu �uvw wkh fdvh lq zklfk } lv }hur/ l1h1= lq wklv
�uvw vwdjh wkh rqo| lqvwuxphqwv dydlodeoh wr wkh jryhuqphqw wr uhglvwulexwh lqfrph
duh d frpelqdwlrq ri sursruwlrqdo lqfrph wd{dwlrq dqg oxps0vxp wudqvihuv +olqhdu
lqfrph wd{hv,1

Wkh �uvw0rughu frqglwlrqv iru vrfldo zhoiduh pd{lpl}dwlrq zlwk uhvshfw wr C
dqg | duh=

[
�

���
�
C n >

[



��

%
|
Y+�
YC

� �

&
' f +51<,

[
�

���
�
| n >

[



��

%
|
Y+�
Y|

n +�

&
' f +5143,

zkhuh +� ' ��u� dv lqwurgxfhg hduolhu1
Zh dvvxph wkh wd{ udwh/ dqg frqvhtxhqwo| C/ wr eh srvlwlyh1

5161 Sxeolf Surylvlrq ri Pdqgdwru| Hgxfdwlrq

Vwduwlqj iurp wkh rswlpdo lqlwldo vlwxdwlrq mxvw ghvfulehg/ zh zdqw wr nqrz/ lq
wkh �uvw sodfh/ zkhwkhu wkh lqwurgxfwlrq ri pdqgdwru| hgxfdwlrq _} zrxog eh
zhoiduh lpsurylqj1 Zkhq lqfuhdvlqj } iurp }hur/ dv orqj dv wkh qrq0qhjdwlylw|
frqvwudlqw 5� � f uhpdlqv qrq0elqglqj iru hyhu| lqglylgxdo/ pdqgdwru| hgxfdwlrq
dfwv dv d oxps0vxp wudqvihu1 Gh�qh }� E� ' �c ���c ?� dv wkh ydoxh ri } dw zklfk
5� � f ehfrphv elqglqj/ dqg }4�? dv wkh vpdoohvw ri doo }�*v� Ohw & eh wkh delolw|
w|sh4 iru zklfk }4�? dssolhv/ l1h1= }& ' }4�?�

Sursrvlwlrq 5141 Dw } ' }4�?c d vpdoo lqfuhdvh lq }/ _} : f lv zhoiduh lpsurylqj1

Wkh h�hfw ri wklv phdvxuh rq zhoiduh lv jlyhq e|=

Y`

Y}
'

[
�

���
�
} n >

[



��

%
|
Y+�
Y}

� �

&
+5144,

4Li zh dvvxph wkdw orz delolw| lqglylgxdov ghpdqg ohvv hgxfdwlrq/ n zloo eh wkh orzhvw delolw|
w|sh/ wkh rqh wkdw lv furzghg rxw �uvw1 Krzhyhu/ lw frxog dovr eh wkh fdvh wkdw wkh kljkhvw
delolw| w|shv/ ehlqj pruh surgxfwlyh/ zrxog uhtxluh orzhu hgxfdwlrq ghpdqg ohyhov/ dqg/ wkxv/
eh wkh rqhv zkrvh sulydwh ghpdqg lv furzghg rxw �uvw1 n zrxog wkhq eh wkh kljkhvw delolw| w|sh1
Dq dvvxpswlrq ri wklv w|sh lv dq xqqhfhvdu| uhvwulfwlrq lq wkh suhvhqw zrun1 Khqfh/ zh gr qrw
pdnh dq dvvxpswlrq derxw wkh uhodwlrqvkls ehwzhhq wkh ghpdqghg hgxfdwlrq ohyhov dqg delolw|1
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Vxevwudfwlqj iurp wkh uljkw kdqg vlgh ri +5144, wkh h{suhvvlrq lq +51<, zh rewdlq
dw } ' }4�? G

_`

_}
' �&�

&
%

k
E�� |��&

eu& � �
l
n >�&|

%
Y+&
Y}

� Y+&
YC

&
+5145,

vlqfh dw } ' }4�?c iru � 9' &

��} ' ��C dqg
Y+�
Y}

'
Y+�
YC

5�

Qrwlfh wkdw/ vlqfh wkh ghulydwlyh lv wdnhq dw } ' }& zh kdyh iurp +516,/ wkdw
E� � |��&

5u& ' � dqg wkh �uvw whup lq +5145, glvdsshduv1 Lq idfw/ dv Jxhvqhulh
dqg Urehuwv +4<;7, dovr srlqw rxw/ zkhwkhu lqglylgxdov duh lqlwldoo| frqvwudlqhg
ru qrw zkhq wkh txrwd lv lqwurgxfhg lv d edvlf ghwhuplqdqw ri wkh uhvxowv1 Zkhq
wkh lqglylgxdo lv xqfrqvwudlqhg/ klv rswlpdo fkrlfh pd| eh uhsuhvhqwhg e| klv
lqgl�huhqfh fxuyh ehlqj wdqjhqwldo wr klv exgjhw olqh1 Li kh lv irufhg wr pryh
dorqj klv exgjhw olqh iurp wklv rswlpdo srlqw/ wkhq/ lqlwldoo| +l1h1= iru pdujlqdo
fkdqjhv,/ wklv lv htxlydohqw wr prylqj dorqj wkh lqgl�huhqfh fxuyh1 Wkxv/ �wr wkh
�uvw rughu wkhuh zloo eh qr orvv lq xwlolw| wr wkh frqvxphu�1 Wkhuhiruh=
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5Wkh frpsdudwlyh vwdwlfv ri oderxu vxsso| dqg hgxfdwlrq ghpdqg/ wkdw ohdg wr wklv dqg rwkhu
uhvxowv/ duh ghwdlohg lq wkh Dsshqgl{1
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Wkh frpsdudwlyh vwdwlfv ri oderu vxsso| +Dsshqgl{, vkrz wkdw/ dw } ' }4�?c

Yu&

Y}
� Yu&

YC
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iurp zklfk zh frqfoxgh wkdw d vpdoo lqfuhdvh lq }/ _} : f/ lv zhoiduh lpsurylqj1
Htxdwlrq +5145, pd| eh lqwhusuhwhg dv wkh zhoiduh jdlq ghulyhg iurp dq lqfuhdvh

lq sxeolf surylvlrq ri hgxfdwlrq } ehlqj �qdqfhg e| dq htxlydohqw ghfuhdvh lq wkh
oxps0vxp wudqvihu C� D vpdoo lqfuhdvh ri } iurp } ' }4�? lv wkhq vwulfwo| zhoiduh
lpsurylqj1 Exw/ zkdw kdsshqv dv } lv lqfuhdvhg ixuwkhuB

Sursrvlwlrq 5151 Jlyhq dq rswlpdo olqhdu lqfrph wd{/ wkhuh h{lvwv d ohyho ri
} : }4�? dw zklfk +orfdo, rswlpdolw| lv dfklhyhg1

Iru d jlyhq }c ohw qrz � eh wkh odvw w|sh iru zklfk ghpdqg iru sulydwh hgxfdwlrq
lv }hur/ jlyhq wkdw lqglylgxdo w|shv duh udqnhg lq lqfuhdvlqj ydoxh ri wkhlu sulydwh
hgxfdwlrq ghpdqg1 Irupdoo|= 5� ' f E� � �� dqg 5� : f E� : ��1 Wkh zhoiduh
ri doo lqglylgxdo w|shv zlwk sulydwh ghpdqgv iru hgxfdwlrq juhdwhu wkdq wkdw ri �
zloo qrw eh d�hfwhg e| d ulvh lq }/ dv zh fdq lqihu iurp wkh surri ri Sursrvlwlrq 514
+vhh Dsshqgl{,1 Khqfh/ vxevwudfwlqj dv ehiruh iurp wkh uljkw0kdqg vlgh ri +5144,
wkh h{suhvvlrq lq +51<, zh rewdlq/ dw } : }4�? G
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zh frqfoxgh wkdw wkh odvw whup rq wkh uljkw0kdqg vlgh ri 5146 lv srvlwlyh1 Dv wr wkh
�uvw whup/ vlqfh wkh uhvwulfwlrq 5� � f lv elqglqj iru doo � � �/ lw lv qhjdwlyh iurp
+516,1 Qrwh wkdw dv } lqfuhdvhv wkh frqvwudlqw 5� � f ehfrphv elqglqj iru pruh
lqglylgxdov1 Rq wkh rwkhu kdqg/ li lqglylgxdo sulydwh ghpdqg iru hgxfdwlrq lv qrw
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lqlwldoo| frqvwudlqhg e| wkh sxeolf srolf|/ wkhuh lv qr gluhfw h�hfw rq lqglylgxdo
xwlolw| ri d pdujlqdo lqfuhdvh lq } �qdqfhg e| d uhgxfwlrq ri C1 Wkhuhiruh/ li wkh
srolf| fkdqjh lv zhoiduh lpsurylqj/ lv qrw wkurxjk lwv gluhfw h�hfw rq lqglylgxdo
xwlolwlhv/ exw dv lw pdqdjhv wr udlvh lqfrph dqg wd{ uhyhqxh/ wkxv doorzlqj iru d
odujhu ohyho ri uhglvwulexwlrq zlwkrxw fdxvlqj ixuwkhu glvwruwlrqv1

Ryhudoo/ lw kdv ehhq vkrzq wkdw/ iru vrph ydoxh ri } odujhu wkdq }4�?c
_`
_}

zloo
eh vwulfwo| srvlwlyh dqg wkdw/ dv } lqfuhdvhv ixuwkhu/ pruh dqg pruh hohphqwv lq
wklv h{suhvvlrq ehfrph qhjdwlyh1 Hyhqwxdoo|/ wkh vljq ri +5146, zloo fkdqjh iurp
srvlwlyh wr qhjdwlyh/ uh hfwlqj wkh h{lvwhqfh ri d orfdo pd{lpxq lq }1 Lw pd| qrw eh
d joredo pd{lpxp/ dv vhfrqg0ehvw sureohpv olnh wklv duh lq jhqhudo qrw jxdudqwhhg
wr vdwlvi| vwdqgdug frqyh{lw| surshuwlhv1 Krzhyhu/ zkdw lv dw vwdnh khuh lv qrw wkh
joredo rswlpdolw|/ exw wkh frqyhqlhqfh ri lpsrvlqj d srvlwlyh txrwd rq lqglylgxdo
hgxfdwlrq frqvxpswlrq1 Wkh lpsruwdqw srlqw lv wkdw wkh delolw| iru frpsxovru|
hgxfdwlrq wr lqfuhdvh zhoiduh lv qrw olplwhg wr pdujlqdo dprxqwv _}c hyhq wkrxjk
wkh rswlpxp wkxv dwwdlqhg pd| rqo| eh d orfdo rqh1

Lq wkh hqg/ wkh uhdvrq zk| pdqgdwru| hgxfdwlrq lv zhoiduh lpsurylqj dprxqwv
vlpso| wr lwv doorzlqj iru kljkhu ohyhov ri lqfrph dqg/ wkxv/ wd{ uhyhqxh1 Zkhq
lqglylgxdov duh lqlwldoo| frqvwudlqhg/ wkh qhjdwlyh h�hfw rq lqglylgxdo xwlolw| lv wr
eh edodqfhg zlwk wkh srvlwlyh h�hfw rq wd{ uhyhqxh/ vr wkdw dq rswlpdo ohyho ri }
pd| vwloo eh irxqg dw wkh srlqw zkhuh wkhvh wzr frpshqvdwh hdfk rwkhu1

Lq lqwxlwlyh whupv/ wkh h�hfw ri pdqgdwru| sxeolf surylvlrq ri hgxfdwlrq rq
zhoiduh fdq eh h{sodlqhg dv iroorzv1 Uhfdoo wkdw hgxfdwlrq zdv sulydwho| ghpdqghg
ehfdxvh ri lwv srvlwlyh h�hfw rq wkh zdjh hduqhg yld d kljkhu surgxfwlylw|1 D
srvlwlyh pdujlqdo wd{ udwh rq oderu lqfrph/ |/ wdnhv vrph ri wkdw h{wud zdjh
hduqhg dzd| wr �qdqfh jryhuqphqw vshqglqj1 Vlqfh hgxfdwlrq/ dv oderu/ lpsrvhv d
glvxwlolw| rq wkh lqglylgxdo/ wkh wd{ v|vwhp glvwruwv sulydwh ghflvlrqv e| pdnlqj wkh
dftxlvlwlrq ri hgxfdwlrq ohvv dwwudfwlyh= lqglylgxdov duh glvfrxudjhg wr zrun dqg
vwxg| zkhqhyhu sduw ri wkhlu zdjh lqfrph lv wdnhq dzd| e| wkh jryhuqphqw lq wkh
irup ri wd{hv1 Pdqgdwru| hgxfdwlrq fdq pdujlqdo| pryh hgxfdwlrq ohyhov forvh wr
wkrvh wkdw zrxog suhydlo zlwkrxw oderu lqfrph wd{hv/ wkxv ohvvhqlqj wkh h!flhqf|
orvv dvvrfldwhg wr wd{hv dqg doorzlqj iru odujhu ohyhov ri lqfrph uhglvwulexwlrq1

Lq idfw/ zlwkrxw vxfk d frqfhuq iru uhglvwulexwlrq | ' C ' f dqg wkhuh zrxog
eh qr uhdvrq wr lqwurgxfh d phdvxuh dv }c wkdw glvwruwv lqglylgxdo ghflvlrqv/ vr
} ' f� Lw lv gxh wr wkh h{lvwhqfh ri uhglvwulexwlyh wd{hv wkdw h!flhqf| orvvhv
ruljlqdwh/ dqg dq| srolf| wkdw pdqdjhv wr uhgxfh wkhvh lqh!flhqflhv pxvw eh
zhoiduh lpsurylqj1

<



61 Rshq Erughu Prgho

Kdylqj frq�uphg wkh dssursuldwhqhvv ri wkh surylvlrq ri d xqlirup lq0nlqg hgx0
fdwlrq wudqvihu/ zh duh qrz uhdg| wr rshq wkh erughuv dqg ohw wkh wzr frxqwulhv*
sxeolf surylvlrq ri hgxfdwlrq srolflhv lqwhudfw1 Wkh wzr frxqwulhv/ dvvxphg wr eh
lghqwlfdo lq doo uhvshfwv/ zloo frpshwh wr dfklhyh/ e| phdqv ri wkhlu sxeolf hgxfd0
wlrq srolf| sdudphwhuv/ wkh juhdwhvw srvvleoh rxwfrph lq whupv ri zhoiduh/ jlyhq
wkh lq0nlqg hgxfdwlrq wudqvihu lpsohphqwhg e| wkh rwkhu1

6141 Vwxghqw Prelolw|

Zkhq wkh iurqwlhuv duh rshqhg/ wkh flwl}hqv duh qrw uhvwulfwhg wr wkh ehqh�wv sur0
ylghg lq wkhlu rzq mxulvglfwlrq dq| pruh/ exw pd| ehqh�w iurp wkh prvw sur�wdeoh
ri orfdo sxeolf srolflhv surylghg hovhzkhuh/ dv wkh| duh iuhh wr pryh1 Lw lv dvvxphg
khuh wkdw wkh jryhuqphqwv duh qrw doorzhg wr glvfulplqdwh wkh iruhljq flwl}hqv lq
dq| zd|1

Lq wkhvh flufxpvwdqfhv/ wkh devhqfh ri prelolw| frvwv jhqhudoo| eulqjv derxw
zkdw lv nqrzq dv edqj edqj vroxwlrqv/ zlwk rqh vlqjoh frxqwu| kdylqj wr hgxfdwh
doo ri wkh lqglylgxdov/ wkh rwkhu vwd|lqj zlwkrxw vwxghqwv1 Lw lv dq xqqhfhvvdu|
vrxufh ri lqvwdelolw|/ vlqfh/ lq jhqhudo/ djhqwv idfh gl�huhqw ghjuhhv ri prelolw|0
uhodwhg glvxwlolw|1

Lqglylgxdo prelolw| frvwv zloo eh uhsuhvhqwhg e| d ixqfwlrq ri wkh w|sh vxj0
jhvwhg lq Pdqvrruldq dqg P|huv +4<<6,1 Wkhuh duh � gl�huhqw ghjuhhv ri dw0
wdfkphqw wr wkh krph frxqwu| lq hdfk delolw| w|sh/ zlwk � ydu|lqj ehwzhhq f
dqg �1 Dwwdfkphqw fdq eh gh�qhg dv d qrq0shfxqldu| ehqh�w wkh lqglylgxdo gh0
ulyhv iurp vwd|lqj dw krph1 Wkh juhdwhu wkh dwwdfkphqw/ wkh juhdwhu wkh prelolw|
frvw1 Hdfk lqglylgxdo lv wkxv fkdudfwhul}hg/ zlwklq khu w|sh/ e| khu frvw ri prylqj
wr dftxluh hgxfdwlrq deurdg/ ��1 Ohw wkhq wkh prelolw| frvw ixqfwlrq g� ri wkh
w|sh0� lqglylgxdo zlwk dwwdfkphqw �� eh jlyhq e| g�E���c zlwk g�Ef� ' f1 Wkxv/
g �

�E��� : f li �� � f� Iurp wkh srlqw ri ylhz ri wkh krph frxqwu| �� 	 f
lv wkh dwwdfkphqw ri d iruhljq w|sh0� lqglylgxdo1 Iruhljq w|sh0� lqglylgxdov zlwk
�� 	 f forvhu wr }hur +vpdoohu lq devroxwh ydoxh, kdyh orzhu prelolw| frvwv +ohvv
dwwdfkphqw,1 Khqfh/ g �

�E��� 	 f li �� 	 fc dqg/ vlqfh wkh wzr frxqwulhv duh
lghqwlfdo lq doo uhvshfwv/ g�E��� ' �g�E����1 Lq zkdw iroorzv/ g� lv h{suhvvhg lq
qxphudluh dqg dfwv olnh d uhgxfwlrq lq dydlodeoh lqfrph iru dq lqglylgxdo vhhnlqj
hgxfdwlrq deurdg1

Zkhqhyhu wkh dprxqw ri sxeolfo| surylghg kljkhu hgxfdwlrq lv kljkhu lq wkh
rwkhu frxqwu| + e} : } ,/ vrph w|sh0� lqglylgxdov+ �� : f, zloo furvv wkh erughu
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wr ehqh�w iurp wkh sxeolf hgxfdwlrq srolf| surylghg deurdg1 Ohw i�� eh wkh
dwwdfkphqw ri wkh w|sh0� lqglylgxdo zkr lv lqgl�huhqw ehwzhhq jhwwlqj hgxfdwlrq
dw krph ru deurdg1 Doo lqglylgxdov zlwk � orzhu wkdq i�� pljudwh1 Wkxv/ i�� : f
uhsuhvhqwv dv zhoo wkh qxpehu ri w|sh0� lqglylgxdov zkr ghflgh wr jhw hgxfdwhg
deurdg1 Frqyhuvho|/ i�� 	 f uhsuhvhqwv wkh qxpehu ri lqfrplqj vwxghqwv zkhqe} 	 }�

Lq d iudphzrun ri hfrqrplf lqwhjudwlrq wkh qdwlrqdo jryhuqphqwv fdqqrw gl0
uhfwo| �{ wkh qxpehu ri pljudqwv1 Krzhyhu wklv qxpehu d�hfwv wkh ohyhov ri vrfldo
zhoiduh lq hdfk ri wkh frxqwulhv1 Wkhuhiruh/ d pljudwlrq htxloleulxp frqglwlrq
wkdw ghwhuplqhv wkh qxpehu ri lqglylgxdov lq hdfk ri wkh mxulvglfwlrqv qhhgv wr eh
lqfoxghg lq wkh jryhuqphqw*v rswlpl}dwlrq surjudpv1

Lq sulqflsoh/ zh qhhg wr glvwlqjxlvk dprqj irxu fdvhv/ dffruglqj wr zkhwkhu
ru qrw lqglylgxdov duh frqvwudlqhg lq wkhlu fkrlfh ri hgxfdwlrq frqvxpswlrq e|
wkh sxeolf hgxfdwlrq surylghg dw krph dqg2ru deurdg1 Lq h�hfw/ wkh lqglylgxdo
frqvwudlqw 5� � f pd| eh elqglqj erwk dw krph dqg deurdg/ dw krph dqg qrw
deurdg/ deurdg exw qrw dw krph ru qhlwkhu dw krph qru deurdg1 Krzhyhu/ vlqfh
wkh frxqwulhv duh dvvxphg lghqwlfdo lq doo uhvshfwv/ zh vkdoo eh frqfhuqhg zlwk
wkh lghqwl�fdwlrq ri wkh rswlpdo srolf| dw wkh v|pphwulfdo Qdvk htxloleulxp dqg
rqo| wkh �uvw dqg odvw fdvhv zloo jhqhudoo| pdwwhu1 Rq wklv edvlv/ wkh sduwlwlrq
ri lqglylgxdov ehwzhhq wkrvh zkrvh sulydwh ghpdqg lv furzghg rxw e| sxeolf
surylvlrq +� ' �c ���c � 	 ?, dqg wkrvh zkrvh sulydwh ghpdqg lv qrw furzghg rxw
e| sxeolf surylvlrq +� ' � n �c ���c ?, zloo eh dw htxloleulxp lghqwlfdo lq wkh wzr
frxqwulhv1

614141 Pljudwlrq Htxloleulxp zlwk 5� � f qrq0elqglqj +Frqglwlrq 4,=

Li wkh ghpdqg iru sulydwh hgxfdwlrq lv srvlwlyh/ dv lw lv iru lqglylgxdov � ' � n
�c ���c ?c zh kdyh douhdg| vhhq krz d pdujlqdo lqfuhdvh lq } lq wkh dxwdufklf prgho
kdv rqo| dq lqfrph h�hfw rq lqglylgxdo zhoiduh1 Wkh vdph krogv iru wkh dftxlvl0
wlrq ri d kljkhu } e| pljudwlrq lq wkh rshq hfrqrp| fdvh li wklv dprxqw sxeolfo|
surylghg deurdg lv vwloo vpdoohu wkdq wkh sulydwh ghpdqg iru hgxfdwlrq1 Lq wklv
fdvh/ wkh ohyhov ri sxeolfo| surylghg hgxfdwlrq dw krph dqg deurdg zloo eh uh0
vsrqvleoh dorqh iru wkh pljudwlrq ghflvlrqv1 Lq idfw/ wklv fdvh fruuhvsrqgv wr wkh
vwdqgdug erughu0furvvlqj sureohp1 Wkh pljudwlrq htxloleulxp lv fkdudfwhul}hg
e| wkh pdujlqdo pljudqw i�� ehlqj lqgl�huhqw ehwzhhq dftxlulqj lwv hgxfdwlrq lq
hlwkhu frxqwu|1 Lq wklv fdvh vxfk d frqglwlrq dprxqwv wr=
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e} � } ' g�Ei���c � ' � n �c ���c ? +614,

Krz lv wkh qxpehu ri pljudqwv d�hfwhg e| fkdqjhv ri } dqg e}B Wrwdo gl�hu0
hqwldwlrq ri wkh pljudwlrq htxloleulxp frqglwlrq zlwk uhvshfw wr } dqg e} |lhogv
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Lqwxlwlyho| wklv mxvw phdqv wkdw dq lqfuhdvh lq } lqyroyhv dq lq rz ri vwxghqwv
dqg wkdw wkh lqfuhdvh lq 	} hqwdlov vwxghqwv* rxw rzv1 Qrwlfh wkdw lq wklv �uvw fdvh/
lq zklfk wkh sxeolf surylvlrq grhv qrw h{fhhg sulydwh ghpdqg ri hgxfdwlrq/ wkh
rwkhu srolf| sdudphwhuv/ wkh wd{ udwh dqg wkh oxps0vxp wudqvihu/ gr qrw d�hfw
pljudwlrq ghflvlrqv1

614151 Pljudwlrq Htxloleulxp zlwk 5� � f elqglqj +Frqglwlrq 5,=

Zkhq wkh frqvwudlqw 5� � f lv elqglqj/ wkh lqfuhdvh lq } fdxvhv wkh lqglylgxdo*v
zdjh udwh wr ulvh/ zklfk jhqhudoo| wuljjhuv r� d fkdqjh lq oderu vxsso|1 Wkhuhiruh/
d kljkhu ohyho ri } qr orqjhu uhvxowv h{foxvlyho| lq dq lqfrph h�hfw/ exw pd| d�hfw
lqglylgxdo xwlolw| wkurxjk rwkhu zd|v1 Iru wklv uhdvrq/ ryhudoo xwlolw| xqghu } dqge} pxvw eh wdnhq lqwr dffrxqw1

Iru wkh pdujlqdo pljudqw wkh xwlolw| ohyho dwwdlqdeoh dw krph dqg deurdg vkdoo
eh wkh vdph1 Iru vwxghqwv uhvlglqj lq wkh krph frxqwu|/ wkh pljudwlrq htxloleulxp
frqglwlrq ehfrphv=

��E}cCc |� � ��Ee}cC�g�E ����c |� +615,

iru hyhu| w|sh ri lqglylgxdov � ' �c ���c � 	 ? iru zklfk wkh frqvwudlqw 5� � f lv
elqglqj1 Ohw xv qrwh wkdw wkh wd{ sdudphwhuv E|c C� duh lghqwlfdo rq wkh ohiw dqg
rq wkh uljkw0kdqg vlghv ri wkhvh frqglwlrqv1 Wklv lv ehfdxvh lqglylgxdov jhwwlqj
hgxfdwlrq deurdg duh vxemhfw wr wkh wd{ v|vwhp ri wkhlu uhvlghqfh frxqwu|1

Wkhuhiruh/ pljudwlrq ghflvlrqv ghshqg vlpxowdqhrxvo| rq e}c }/ | dqg C1 Wkh
frpsdudwlyh vwdwlfv ri ��� |lhog=
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+619,

zkhuh � dqg 	� vwdqg uhvshfwlyho| iru wkh ohyhov ri xwlolw| dwwdlqhg e| lqglylgxdo �
zkhq jhwwlqj hgxfdwlrq dw krph dqg deurdg1

Zkhq xqfrqvwudlqhg lq klv fkrlfh ri hgxfdwlrq/ wkh pdujlqdo pljudqw grhv
qrw ehqh�w iurp dq lqfrph h�hfw e| jhwwlqj hgxfdwlrq deurdg/ dqg kh frqvxphv
wkh vdph rswlpdo hgxfdwlrq ohyhov dw krph ru deurdg/ vr wkdw klv wd{ oldelolw|
lv xqd�hfwhg e| wkh ghflvlrq wr pryh ru qrw1 Khqfh/ �� �

Cc
�� �
| htxdov }hur iru

� ' � n �c ���c ?1 Frqvwudlqhg lqglylgxdov* �qdo hgxfdwlrq ohyhov/ rq wkh frqwudu|/
duh ghwhuplqhg e| wkh pdqgdwru| ohyhov1 Li wkhvh gl�hu dfurvv frxqwulhv/ wkh
pdjqlwxgh ri wkh h�hfw ri hgxfdwlrq rq zdjhv lv gl�huhqw iru pdujlqdo pljudqwv
zkhq ghflglqj wr vwxg| dw krph ru deurdg 1 Wkhuhiruh wkh jurvv lqfrphv dqg wkh
wd{ oldelolwlhv ri wkhvh frqvwudlqhg lqglylgxdov pd| gl�hu li wkh| ghflgh wr vwxg|
deurdg1 Xqghu wkhvh flufxpvwdqfhv pdujlqdo fkdqjhv lq wkh �vfdo sdudphwhuv |
dqg C pd| d�hfw wkhlu ghflvlrq wr pryh1 Frqvhtxhqwo|/ �� �

C 9' fc �� �
| 9' f iru

� ' �c ���c � 	 ?�

6151 Wkh Jryhuqphqwv1 H�hfw ri Pljudwlrq rq Zhoiduh1

Wkh wzr lghqwlfdo frxqwulhv frqvlghuhg fduh h{foxvlyho| iru wkh zhoo0ehlqj ri wkhlu
qdwlrqdo flwl}hqv1 Lq idfw/ wkhlu remhfwlyh ixqfwlrqv zloo gl�hu voljkwo| ghshqglqj
xsrq zkhwkhu wkh frxqwu| vx�huv dq lq rz ru rxw rz ri vwxghqwv/ dqg/ lq erwk
fdvhv/ dv frpsduhg wr wkh dxwdufklf fdvh1 Iru wklv uhdvrq/ lw vhhpv dssursuldwh wr
frqvlghu wkdw wzr gl�huhqw uhjlphv fdq wdnh sodfh dffruglqj wr zkhwkhu e} � } ru
} � e}� Dw wkh iurqwlhu/ l1h1/ dw e} ' } d qrq0gl�huhqwldelolw| sureohp pd| h{lvw1
Zkdw iroorzv zloo eh xvhg wr vkrz wkdw dw e} ' }c wkh ghulydwlyhv ri wkh vrfldo
zhoiduh ixqfwlrq fruuhvsrqglqj wr erwk uhjlphv +l1h1 wkh ohiw dqg uljkw ghulydwlyhv,
duh wkh vdph dqg/ khqfh/ qrq0gl�huhqwldelolw| lv uxohg rxw1
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Lq rughu wr gr wkdw zh qhhg wr wdnh lqwr dffrxqw wkdw wkh h�hfw ri lq0nlqg
surylvlrq ri hgxfdwlrq rq zhoiduh ghshqgv fulwlfdoo| rq zkhwkhu ru qrw lqglylgxdov
duh frqvwudlqhg lq wkhlu fkrlfh ri sulydwh hgxfdwlrq1 Wklv flufxpvwdqfh zloo eh
frqvlghuhg zkhq dqdo|}lqj wkh h�hfw ri pljudwlrq rq zhoiduh1

Uhfdoo wkdw lqglylgxdo w|shv kdyh ehhq udqnhg e| lqfuhdvlqj 5� dqg khqfh ri
}� Ewkh ydoxh ri } dw zklfk 5� ehfrphv elqglqj,1 Dovr/ zh kdyh uxohg rxw wkh
srvvlelolw| ri kdylqj lqglylgxdo w|shv zkrvh frqvwudlqw 5� � f lv elqglqj dw krph
dqg qrw deurdg ru ylfh yhuvd/ jlyhq wkdw wklv vlwxdwlrqv zloo qhyhu wdnh sodfh dw
wkh v|pphwulfdo htxloleulxp1 Delolw| w|shv � ' �c ���� 	 ? duh wkxv wkrvh iru zklfk
5� � f lv elqglqj dw krph dv zhoo dv deurdg1 Frqyhuvho|/ delolw| w|shv � ' �n�c ���?
duh wkxv wkrvh iru zklfk 5� � f lv qrw elqglqj/ qhlwkhu dw krph qru deurdg1

UHJLPH 4= e} � }�

Li wkh h{shqglwxuh rq sxeolf surylvlrq ri hgxfdwlrq lv kljkhu deurdg/ ��� lqgl0
ylgxdov ri hdfk fruuhvsrqglqj delolw| w|sh zloo ohdyh wkhlu krph frxqwu| wr ehq0
h�w iurp wkh kljkhu ohyho ri sxeolf hgxfdwlrq vxssolhg lq wkh rwkhu frxqwu| +l1h1/
��� : f�1 Wkh remhfwlyh ixqfwlrq ri wkh krph frxqwu|*v jryhuqphqw lv lq wklv fdvh=

` '
?[
�'�

3ECE�� � ��� E�����E�� n

���E��]
f

e�� E�� _��

4FD +61:,

n>
?[
�'�

3ECE�� � ��� E���|+�E�� n |

���E��]
f

e+�E��_�� ���C� E�� � ��� E���}

4FD
zkhuh e��E�� dqg e+�E�� vwdqg iru wkh ydoxh ri wkh lqgluhfw xwlolw| ixqfwlrq dqg lqfrph
ohyho uhvshfwlyho| zkhq hgxfdwlrq e} lv rewdlqhg deurdg1

Wkhuhiruh=e��E�� ' e��Ee}cC�g�E�� E���c |�c li � ' �c ���c �1e��E�� ' e��Ee}cCn e} � } �g�E�� E���c |�c li � ' � n �c ���c ?1
��� lqglylgxdov pryh wr wkh rwkhu frxqwu| wr frqvxph wkh iuhho| surylghge}� Wkh| hqmr| xwlolw| e��E�� lqvwhdg ri ��E�� dqg uhfhlyh lqfrph e+�E�� lqvwhdg ri +�E��1

Hyhq wkrxjk wkh| pryh/ wkh| gr vr rqo| lq rughu wr frqvxph wkh sxeolf hgxfdwlrq
surylghg deurdg/ vr wkh| vwloo �jxuh lq wkh remhfwlyh ri wkh jryhuqphqw dw wkh
krph frxqwu| dqg wkh| vwloo sd| wkhlu +kljkhu, wd{hv dqg uhfhlyh wkh fruuhvsrqglqj
oxps0vxp wudqvihu wkhuh1

Uhfdoo wkdw/ ri wkh lqlwldoo| xqfrqvwudlqhg lqglylgxdov � ' �n�c ���c ?c wkrvh zkr
pryh wr wkh frxqwu| wkdw surylghv d kljkhu } zloo ehqh�w iurp dq lqfrph h�hfw
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htxdo wr wkh wudqvihu gl�huhqwldo e} � } plqxv wkh prelolw| frvw lqfxuuhg1 Wkh
frqvwudlqhg lqglylgxdov � ' �c ���c � wkdw fkrrvh wr jhw hgxfdwlrq deurdg uhfhlyh
wkh ixuwkhu hgxfdwlrq Ee}� }� iru iuhh1 Wklv lv wkh uhdvrq zk| wkh| frqvxph pruh
hgxfdwlrq wkdq wkh| zrxog kdyh lqlwldoo| fkrvhq wr dqg ehdu wkh prelolw| frvw
g�E����

Lq wklv vlwxdwlrq/ d pdujlqdo srvlwlyh yduldwlrq lq wkh grphvwlf frxqwu|*v sxeolf
surylvlrq ri hgxfdwlrq/ }/ kdv wkh iroorzlqj h�hfw rq lwv rzq zhoiduh=
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zkhuh pljudwlrq htxloleulxp frqglwlrqv 4 dqg 5 ++614, dqg +615,, kdyh ehhq xvhg
rq wkh xwlolw| vlgh1

UHJLPH 5= e} � }�
��� iruhljq vwxghqwv + ��� 	 f , frph wr rxu krph frxqwu|/ dv wkh h{shqglwxuh

ohyho rq hgxfdwlrq lv orzhu lq wkhluv dqg wkh krph jryhuqphqw fdqqrw sxw lq sodfh
dq| glvfulplqdwru| srolf|/ vxfk dv ihhv/ rq wkhp1 Krzhyhu/ wkh| gr qrw �jxuh
h{solflwo| lq rxu grphvwlf vrfldo zhoiduh ixqfwlrq1 Rqfh wudlqhg/ wkhvh lqglylgxdov
jr edfn wr wkhlu frxqwulhv/ zkhuh wkh| sd| wd{hv dqg uhfhlyh wkh fruuhvsrqglqj
xqlirup oxps0vxp lqfrph C1 Wkh remhfwlyh ixqfwlrq ri wkh frxqwu| lghqwl�hg dv
�krph� lv qrz=
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+61<,

zkhuh E�� � ���� : ��1 Wkhuhiruh/ wkh h�hfw ri d pdujlqdo lqfuhdvh lq } zloo
qrz eh=
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Qrwlfh wkdw dw e} ' }c +61;, dqg +6143, erlo grzq wr d vdph h{suhvvlrq vlqfh
��� ' f iru doo �1 Wkxv/ qrq0gl�huhqwldelolw| ri wkh zhoiduh ixqfwlrq zlwk uhvshfw
wr } dw e} ' } lv uxohg rxw1
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6161 Wkh V|pphwulfdo Qdvk Htxloleulxp

Wkh sxusrvh ri wklv Vxevhfwlrq lv wr fkdudfwhul}h wkh v|pphwulfdo Qdvk htxloleulxp
iE|c Cc }�c Ee|c eCc e}�j� Dw wklv htxloleulxp qhlwkhu wkh krph frxqwu| qru wkh iruhljq
frxqwu| kdyh dq lqfhqwlyh wr prgli| lwv srolf| fkrlfh iru d jlyhq srolf| fkrlfh ri
wkh rwkhu frxqwu|1 Irfxvlqj rq wkh krph frxqwu| wklv phdqv wkdw | dqg C vdwlvi|
wkh iroorzlqj �uvw0rughu frqglwlrqv dw wkh Qdvk htxloleulxp=
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C�o ' f +6145,

Vlqfh } ' e} dw wkh v|pphwulfdo htxloleulxp wkh frqvxpswlrq dqg oderu vxsso|
ohyhov dwwdlqhg e| � zkhq vwxg|lqj dw krph ru deurdg zloo frlqflgh1 Khqfh/ ��% '
	��%c dqg/ iurp +618, dqg +619,/ � �

| ' � �
C ' f� Pdujlqdo fkdqjhv lq | ru C zloo qrw

d�hfw wkh vwxghqwv* ghflvlrq wr pryh1 Lq wklv fdvh/ wkhvh wzr frqglwlrqv iru wkh
rswlpdo fkrlfh ri | dqg C frlqflgh zlwk wkrvh lq wkh dxwdufklf prgho1

Sursrvlwlrq 6141 Dw wkh v|pphwulf Qdvk htxloleulxp/ sxeolf surylvlrq ri pdqgd0
wru| hgxfdwlrq lv ohvv zhoiduh lpsurylqj wkdq lq wkh dxwdufklf fdvh1

Irfxvlqj rqfh pruh rq wkh krph frxqwu|/ lwv pdqgdwru| hgxfdwlrq ohyho pxvw
vdwlvi| dw wkh v|pphwulfdo Qdvk htxloleulxp +zkhuh } ' e}� G
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Dv C lv rswlpdoo| fkrvhq/ zh fdq iroorz wkh vdph vwhsv dv wkrvh dssolhg lq
Vhfwlrq 516 wr rewdlq 51461 Wkxv/ vxevwudfwlqj iurp wkh uljkw0kdqg vlgh ri +6146,
wkh h{suhvvlrq lq +6145, zh rewdlq=
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zkhuh wkh htxlydohqfh ehwzhhq wkh sxeolf surylvlrq ri wkh lq0nlqg dqg oxps0vxp
wudqvihu iru lqglylgxdov � ' �n�c ���c ? kdv ehhq xvhg1 Wkh rqo| gl�huhqfh ehwzhhq
wklv h{suhvvlrq dqg +5146,/ wkdw ghwhuplqhg wkh rswlpdo ohyho ri sxeolf surylvlrq
ri pdqgdwru| hgxfdwlrq lq wkh dxwdufklf fdvh/ lv wkh odvw whup rq wkh uljkw kdqg
vlgh/ >}� �

} 	 f�
Wkh ehqh�wv iurp wkh sxeolf surylvlrq ri hgxfdwlrq duh wkxv orzhu zkhq zh

rshq wkh erughuv/ gxh wr wkh lpsruw ri iruhljq vwxghqwv/ zklfk lv uhsuhvhqwhg e|
wkh whup � �

} 	 f1
Wkhuhiruh dw wkh v|pphwulfdo Qdvk htxloleulxp wkh frpprq ydoxh ri }

�
dqge}

�
lv orzhu wkdq wkh ohyho ri sxeolf surylvlrq ri hgxfdwlrq fkrvhq lq wkh dxwdufklf

fdvh1 Xqghusurylvlrq ri pdqgdwru| sxeolf hgxfdwlrq uhvxowv lq erwk frxqwulhv
zkhq rshqlqj wkh erughuv dqg ohwwlqj vwxghqwv iuhho| pryh dfurvv wkhp1

71 Frqfoxvlrq

Wkh lpsrvlwlrq ri d vpdoo xqlirup txrwd rq wkh frqvxpswlrq ri hgxfdwlrq kdv
ehhq vkrzq wr eh ghvludeoh zkhq wkh h{lvwhqfh ri d olqhdu zdjh lqfrph wd{ gulyhv
wkh hfrqrp| dzd| iurp d �uvw ehvw Sduhwr h!flhqw vroxwlrq1 Wklv uhvxow iroorzv gl0
uhfwo| iurp Jxhvqhulh dqg Urehuwv +4<;7, zkhuh lw lv vwdwhg wkdw wr khos plqlpl}h
lqh!flhqflhv gxh wr wd{hv/ frqvxphuv vkrxog eh irufhg wr frqvxph pruh +ohvv, ri
d jrrg li wkh ghpdqg iru wkdw jrrg kdv ehhq glvfrxudjhg +hqfrxudjhg, e| wkh wd{
v|vwhp1 E| hqkdqflqj wkh h!flhqf| ri wkh v|vwhp wklv srolf| wrro lqfuhdvhv wkh
dwwdlqdeoh ohyho ri uhglvwulexwlrq iurp ulfk wr srru e| phdqv ri d kljkhu pdujlqdo
wd{ udwh/ |/ dqg oxps0vxp wudqvihu C1

Zlwk uhvshfw wr wkh frqvhtxhqfhv ri rshqlqj wkh erughuv/ wkh srvvlelolw| ri
frvwo| prelolw| ri vwxghqwv dfurvv wkh wzr frxqwulhv kdv ehhq vkrzq wr uhvxow lq d
orzhu ohyho ri sxeolf hgxfdwlrq surylghg lqghshqghqwo| e| wkh wzr jryhuqphqwv1
Wklv iroorzv lpphgldwho| iurp wkh idfw wkdw lqfrplqj vwxghqwv gr qrw frqwulexwh
wr wkh �qdqflqj ri wkh vfkrro wkh| dwwhqg dowkrxjk wkh| gr udlvh wkh wd{ uhyhqxh
lq wkhlu frxqwulhv ri ruljlq1 Iruhljq vwxghqwv lpsrvh d frvw lq wkh krvw frxqwu|
dqg d ehqh�w wr wkhlu krph frxqwu| zkhq wkh| pryh dwwudfwhg e| kljkhu ohyhov ri
h{shqglwxuh lq hgxfdwlrq1

Xqghu wkhvh frqvlghudwlrqv/ ehfdxvh hdfk jryhuqphqw lv dvvxphg wr pd{lpl}h
lwv rzq zhoiduh zkloh wdnlqj wkh srolf| fkrlfh ri wkh rwkhu dv jlyhq/ d v|pphwulfdo
Qdvk htxloleulxp uhvxowv lq d orzhu surylvlrq ohyho dv frpsduhg wr wkh dxwdufklf
fdvh/ lq zklfk qr wkuhdw ri lq rz ri vwxghqwv lv suhvhqw1

Wkhvh frqfoxvlrqv fdoo rqfh pruh iru frruglqdwlrq ri �vfdo srolflhv lq jhqhudo
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dqg/ lq sduwlfxodu/ ri hgxfdwlyh srolflhv lq d frqwh{w ri hfrqrplf lqwhjudwlrq1 Lq
devhqfh ri djuhhphqw/ doo phpehuv duh erxqg wr lpsohphqw vxe0rswlpdo srolflhv
wkdw surylgh wkhp zlwk orzhu zhoiduh ohyhov wkdq wkh| zrxog dffrpsolvk li wkh
iurqwlhuv zhuh forvhg1 E| frrshudwlqj/ wkh frxqwulhv vkrxog eh deoh wr vhw wkhlu
sxeolf hgxfdwlrq surylvlrq dw wkh rswlpdo ohyho1 Dv hyhu|rqh fdq eh pdgh ehwwhu
r� zkloh kduplqj qr0rqh/ frrshudwlrq0rshudwlrq |lhogv d zhoiduh lpsuryhphqw/
dqg vr lw lv xqdpeljxrxvo| uhfrpphqgdeoh iurp dq hfrqrplf +h!flhqf|, srlqw ri
ylhz1

Dsshqgl{

Wkh sxusrvh ri wklv Dsshqgl{ lv wr ghwhuplqh dqdo|wlfdoo| wkh vljq ri
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Gl�huhqwldwlrq ri w|sh0� lqglylgxdov* �uvw rughu frqglwlrqv +515, dqg +516, |lhogv
wkh iroorzlqj frpsdudwlyh uhvxowv1 Zh �uvw kdyh/ e| Fudphu*v Uxoh=
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vr wkdw zh fdq frqfoxgh/ iurp +D15,/ wkdw zkhq wkh frqvwudlqw 5� � f lv qrw
elqglqjG
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Dovr/ iurp wkh frpsdudwlyh uhvxowv zh kdyh=
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Gl�huhqwldwlrq ri +515,/ |lhogv=
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E| vxevwlwxwlqj +D16, dqg +D18, edfn lq +D14, zh rewdlq wkdw=
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Rq wkh frqwudu|/ rqfh wkh qrq0qhjdwlylw| frqvwudlqw rq 5� � f ehfrphv elqglqj
E} ' }��/ 5� uhpdlqv frqvwdqw dw }hur1 Wkhq=
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Khqfh/ +D1:, edfn lq +D19, vkrzv wkdw=
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Uhihuhqfhv=

Erdgzd|/ U1 dqg Pdufkdqg/ P1+4<<8,= Wkh xvh ri Sxeolf H{shqglwxuhv iru
Uhglvwulexwlyh Sxusrvhv1 R{irug Hfrqrplf Sdshuv 7:/ 7808<1

Erdgzd|/ U1/ Pdufkdqg/ P1 dqg Vdwr/ P1+4<<:,= Vxevlglhv yhuvxv Sxeolf Sur0
ylvlrq ri Sulydwh Jrrgv dv Lqvwuxphqwv iru Uhglvwulexwlrq1 FRUH GS & <::41

Jdkydul/ I1+4<<8,= Lq0nlqg yhuvxv Fdvk Wudqvihuv lq wkh Suhvhqfh ri Glvwru0
wlrqdu| Wd{hv1 Hfrqrplf Lqtxlu| 66 +4, 780861

Jxhvqhulh/ U1 dqg Urehuwv N1 +4<;7,= H�hfwlyh Srolf| Wrrov dqg Txdqwlw|
Frqwurov1 Hfrqrphwulfd/ 85/ 8<0;91

Pdqvrruldq/ D1 dqg P|huv/ J1 P1 +4<<6,= Dwwdfkphqw wr krph dqg h!flhqw
sxufkdvhv ri srsxodwlrq lq d �vfdo h{whuqdolw| hfrqrp|1 Mrxuqdo ri Sxeolf Hfr0
qrplfv 85/ 44:04651

Pxqur/ D1 +4<<4,= Wkh Rswlpdo Sxeolf Surylvlrq ri Sulydwh Jrrgv1 Mrxuqdo
ri Sxeolf Hfrqrplfv 77 56<05941

Zlogdvlq/ G1 H1 +4<;;,= Qdvk Htxloleuld lq prghov ri Ilvfdo Frpshwlwlrq1
Mrxuqdo ri Sxeolf Hfrqrplfv 68/ 55<05731
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